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➨ 1❶ ⥴ㄽ 
 
 ⎔ቃ୰࡟Ꮡᅾࡋື≀ಶయࢆ࡜ࡾࡲࡃ໬Ꮫ≀㉁ࡢ࠺ࡕ᭷ᐖ࡞స⏝ࢆ♧ࡍࡶࡢࡣᩘከࡃᏑᅾ
ࡍࡿࡀࠊࡑࡢ 1 ࡘ࡜ࡋ࡚⎔ቃ࣍ࣝࣔࣥ㸦ෆศἪ࠿ࡃ஘≀㉁㸧ࡀᣲࡆࡽࢀࡿࠋෆศἪ࠿ࡃ஘
≀㉁ࡣෆศἪ࠿ࡃ஘స⏝ࠊࡍ࡞ࢃࡕ࣍ࣝࣔࣥస⏝ࡸ࣍ࣝࣔࣥ㜼ᐖస⏝ࡀ࠶ࡾࠊ⏕Ṫ࡬ࡢᙳ
㡪ࡀ▱ࡽࢀ࡚࠸ࡿࠋ௦⾲ⓗ࡞໬Ꮫ≀㉁࡜ࡋ࡚ᴟࡵ࡚ᙉ࠸࢚ࢫࢺࣟࢪ࢙ࣥస⏝ࢆ♧ࡍ DESࡸ
DDTࠊPCB 㢮ࠊࣅࢫࣇ࢙ࣀ࣮ࣝ A ࡞࡝ࡀ࠶ࡾࠊDES ࡣዷ፬ࡀ᭹⏝ࡋࡓሙྜࠊ⏕ࡲࢀࡓዪ
ඣࡀ⭼࢞ࣥࢆᝈ࠺๭ྜࢆቑຍࡉࡏࡿࡇ࡜ࡀᗈࡃ▱ࡽࢀ࡚࠾ࡾࠊື≀ᐇ㦂࡛ࡶ᪂⏕௘ᮇࡢ᭚
㟢࡟ࡼࡾᏊᐑ㔜㔞ࡢῶᑡࡸከ༸ᛶ༸⬊ࡢቑຍ࡞࡝ࡀ☜ㄆࡉࢀ࡚࠸ࡿ (Newbold et al, 2004; 
Kim et al., 2009)ࠋࡇࢀࡽࡢᙳ㡪ࡣཷᐜయࢆ௓ࡋ࡚⏕ࡌࡿࡓࡵࠊ⏕Ṫჾᐁ௨እ࡛ࡶྠᵝࡢཷ
ᐜయࢆࡶࡘჾᐁ࡟స⏝ࡍࡿྍ⬟ᛶࡀ࠶ࡿࠋ⬨᳝ື≀ࡢ⏕Ṫ⣔ࡣ୰ᯡ⚄⤒⣔࡜ෆศἪ⣔ࡀ༠
ㄪࡋ࡚సࡿHPG㍈㸦どᗋୗ㒊㸫ୗᆶయ㸫ᛶ⭢㍈㸧࡟ࡼࡗ࡚ㄪᩚࢆཷࡅ࡚࠸ࡿ࡜⪃࠼ࡽࢀ࡚
࠸ࡿ࡜࡜ࡶ࡟ࠊ⏕Ṫ⣔࡜୰ᯡ⚄⤒⣔ࡢ㛫࡟ඹ㏻ࡋࡓཷᐜయࡀᩘከࡃᏑᅾࡍࡿࠋࡑࡢࡓࡵࠊ
ෆศἪ࠿ࡃ஘స⏝ࢆᣢࡘ໬ྜ≀ࡣ୰ᯡ⚄⤒⣔࡟ࡶᙳ㡪ࢆཬࡰࡍᜍࢀࡀ࠶ࡿࠋᐇ㝿࡟㏆ᖺࠊ
⫾⏕ᮇ᭚㟢࡟ࡼࡗ࡚⏕Ṫჾ㔜㔞ࡸ⏕Ṫ⣽⬊ᶵ⬟࡟ᙳ㡪ࢆ୚࠼ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿPCB࡟
᭚㟢ࡋࡓ࣐࢘ࢫ࡟࠾࠸࡚ࠊ㓟໬ࢫࢺࣞࢫࢆ௓ࡋ࡚ࢻ࣮ࣃ࣑ࣥࢽ࣮ࣗࣟࣥࡀኚᛶࡋࠊάື㐣
ከ࡟࡞ࡿࡇ࡜ࡸࠊ⫾⏕ᮇ࡟ PCB࡟᭚㟢ࡉࢀࡓ࣐࢘ࢫࡀᡂ⇍ᚋ࡟✵㛫Ꮫ⩦⬟ࡢపୗࢆ♧ࡍࡇ
࡜ࡀሗ࿌ࡉࢀ࡚࠾ࡾࠊෆศἪ࠿ࡃ஘స⏝ࢆᣢࡘ໬Ꮫ≀㉁ࡢ᭚㟢ࡣ୰ᯡࠊ≉࡟Ꮫ⩦グ᠈࡞࡝
ࡢ⬻㧗ḟᶵ⬟ࢆྵࡴ⾜ື࡬ࡶᙳ㡪ࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ (Pocar et al., 2012; Lee et al., 
2012; Sugawara et al., 2006)ࠋ୍᪉ࠊ⚄⤒⣔࡬ࡢస⏝ࢆ┠ⓗ࡜ࡋ࡚౑⏝ࡉࢀ࡚࠸ࡿ໬Ꮫ≀
㉁ࡢ⏕Ṫ⣔࡬ࡢᙳ㡪ࡶሗ࿌ࡉࢀ࡚࠸ࡿࠋࣆࣞࢫࣟ࢖ࢻ⣔㎰⸆ࡢ࣓࣌ࣝࢺࣜࣥࡣࠊ㍈⣴ࡢࢩ
ࢢࢼࣝఏ㐩㜼ᐖ࡟ࡼࡾࢼࢺ࣒ࣜ࢘ࢳࣕࢿࣝ㛤ཱྀ᫬㛫ᘏ㛗ࢆ௓ࡋ࡚ẅ⹸ຠᯝࢆ♧ࡍࡀࠊ࣌ࣝ
࣓ࢺࣜࣥ᭚㟢ࢆཷࡅࡓ㞝࣐࢘ࢫࡣࢸࢫࢺࢫࢸࣟࣥࣞ࣋ࣝ࡜⢭Ꮚᩘࡢపୗࢆᘬࡁ㉳ࡇࡍࡇ࡜
ࡀሗ࿌ࡉࢀ࡚࠸ࡿ(Zhang et al., 2007)ࠋࡇࢀࡽࡢࡇ࡜࠿ࡽࠊ⎔ቃ୰࡟Ꮡᅾࡍࡿཷᐜయࢆ௓ࡋ
࡚స⏝ࡍࡿ໬Ꮫ≀㉁ࡣ့ங㢮࡬⏕Ṫᙳ㡪࡜୰ᯡᙳ㡪ࢆ࠾ࡼࡰࡍᜍࢀࡀ࠶ࡾࠊ␆⏘⌧ሙ࡟࠾
࠸࡚ࡣࠊඃⰋᐙ␆ࡢቑ⏘ࡸຠ⋡ⓗ࡞␆⏘⤒Ⴀ࡬ࡢᝏᙳ㡪ࡀᠱᛕࡉࢀࡿࡓࡵࠊᑡ࡞ࡃ࡜ࡶࡇ
ࡢ 2ࡘࡢᙳ㡪ࢆໟᣓࡋ᳨࡚ウࡍࡿࡇ࡜ࡀᚲせ࡛࠶ࡿࠋ 
 ㏆ᖺࠊ㣫ᩱస≀࡟ከ⏝ࡉࢀ࡚࠸ࡿࢿ࢜ࢽࢥࢳࣀ࢖ࢻ⣔㎰⸆㸦௨ୗࠊࢿ࢜ࢽࢥࢳࣀ࢖ࢻ㸧
ࡀࣛࢵࢺࡢࢽࢥࢳࣥᛶ࢔ࢭࢳࣝࢥࣜࣥཷᐜయ࡟ᑐࡋ࡚ࠊࢽࢥࢳࣥ࡜ྠ⛬ᗘࡢᙳ㡪ࢆ୚࠼ࡿ
ࡇ࡜ࡀሗ࿌ࡉࢀࠊ့ங㢮࡬ࡢᙳ㡪ࡀᠱᛕࡉࢀ࡚࠸ࡿ (Kimura et al., 2012)ࠋࢽࢥࢳࣥࡢᐙ
␆࡬ࡢ᭚㟢࡟㛵ࡋ࡚ࡣࠊ࢘ࢩ࠾ࡼࡧࣈࢱ༸ẕ⣽⬊ࡢయእᡂ⇍㐣⛬࡬ࡢᙳ㡪ࡀ▱ࡽࢀ࡚࠾ࡾࠊ
༸ୣ⣽⬊ࡢ⭾໬ࡸᡂ⇍⋡࡬ࡢᙳ㡪ࡀሗ࿌ࡉࢀ࡚࠸ࡿ (Vrsanska et al., 2003; Liu et al., 
2008)ࠋࡉࡽ࡟ࢿ࢜ࢽࢥࢳࣀ࢖ࢻࡢ⏕Ṫჾᙳ㡪࡟㛵ࡋ࡚ࡶሗ࿌ࡀ࠶ࡾࠊ2011ᖺ࡟ Kapoorࡽ
ࡀࣛࢵࢺࡢ༸ᕢ࡟࠾ࡅࡿ㐣㓟໬⬡㉁ࡢቑຍࢆሗ࿌ࡋ࡚࠸ࡿࠋࡋ࠿ࡋࠊࢿ࢜ࢽࢥࢳࣀ࢖ࢻࡢ
⏕Ṫ⣽⬊⣔ิ࡬ࡢᙳ㡪࡟㛵ࡍࡿሗ࿌ࡣᑡ࡞ࡃࠊᐙ␆ࡢ༸ẕ⣽⬊࡟ᑐࡍࡿᙳ㡪ࡣሗ࿌ࡉࢀ࡚
࠸࡞࠸ࠋ≉࡟ࣈࢱࡣ㐣㓟໬⬡㉁ࡢඖ࡜࡞ࡿ⬡㉁ࢆ༸ẕ⣽⬊⣽⬊㉁ෆ࡟⬡⫫⁲࡜࠸࠺ᙧ࡛ከ
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㔞࡟ෆໟࡋ࡚࠸ࡿࡓࡵࠊᙳ㡪ࢆཷࡅࡸࡍ࠸ࡇ࡜ࡀ⪃࠼ࡽࢀࡓࡀࠊࣈࢱ༸ẕ⣽⬊ࡢ⬡⫫⁲࡟
ࡘ࠸࡚ࡣࠊࡑࡢᙺ๭ࢆྵࡵ࡚୙᫂࡞Ⅼࡀከ࠸ࠋࡑࡇ࡛ࣈࢱ༸ẕ⣽⬊࡟࠾ࡅࡿ⬡⫫⁲ࡢᙺ๭
ࢆ᳨ウࡋࠊࡑࡢୖ࡛ࢿ࢜ࢽࢥࢳࣀ࢖ࢻࡢࣈࢱ༸ẕ⣽⬊࡬ࡢᙳ㡪࡟ࡘ࠸᳨࡚ウࡍࡿᚲせࡀ࠶
ࡿࠋࡲࡓࠊࢿ࢜ࢽࢥࢳࣀ࢖ࢻࡣ့ங㢮ࡢ୰ᯡ⚄⤒⣔࡟స⏝ࢆ♧ࡍࡇ࡜࠿ࡽࠊ⾜ື࡬ࡢᙳ㡪
ࡶ␲ࢃࢀࡓࠋࡋ࠿ࡋࠊ့ங㢮ᐙ␆࡟࠾ࡅࡿ⬻㧗ḟᶵ⬟ࢆྵࡵࡓ⾜ືᙳ㡪ゎᯒࡢሗ࿌ࡣᑡ࡞
ࡃࠊᏳᐃࡋࡓゎᯒ⣔ࡀ࠶ࡿ࡜ࡣゝ࠼࡞࠸ࠋࡑࡢࡓࡵᮏ◊✲࡛ࡣࠊ⾜ືᙳ㡪ࡢホ౯ἲ࡜ࡋ࡚
ከᩘࡢሗ࿌ࡀ࠶ࡿ㱎ṑ㢮ࢆ⏝࠸ࡓ⾜ືゎᯒࢆ㑅ᢥࡋࡓࠋ୍⯡࡟ࠊ⾜ືゎᯒࢆ⏝࠸ࡓሗ࿌ࡢ
ከࡃࡣࠊ㞤࡛ࡣࢹ࣮ࢱࡢࣂࣛࢶ࢟ࡀ኱ࡁࡃ࡞ࡿࡓࡵࠊᇶᮏⓗ࡟㞝ࡢࡳࡢሗ࿌ࡀ኱㒊ศࢆ༨
ࡵ࡚࠸ࡿࠋࡋ࠿ࡋࠊ␆⏘ศ㔝࡬ࡢᛂ⏝ࢆ⪃៖ࡋࡓሙྜࠊᐙ␆ࡣࡑࡢ✀ࡈ࡜࡟ᛶู࡟ࡼࡗ࡚
ࡑࢀࡒࢀ㔜せ࡞ᙺ๭ࢆࡶࡘࡓࡵࠊ㞤ಶయࡢᙳ㡪ࡶ᳨ฟྍ⬟࡞ゎᯒ⣔ࡀᚲせ࡛࠶ࡿࠋࡑࡇ࡛ࠊ
㧗ḟ⬻ᶵ⬟ࢆホ౯࡛ࡁࡿ⾜ືヨ㦂ࡢෆࠊ᳨ฟ⢭ᗘࡢ㧗࠸ヨ㦂ࢆ⤌ࡳྜࢃࡏࡓ⾜ືࢸࢫࢺࣂ
ࢵࢸ࣮ࣜࢆᵓ⠏ࡋࠊᐇ㝿࡟⾜ືᙳ㡪࡜ࡑࡢ㞤㞝ᕪࢆ᳨ฟྍ⬟࠿ᡂ⇍ᮇࡢ࣐࢘ࢫ࡟ࢿ࢜ࢽࢥ
ࢳࣀ࢖ࢻࢆᢞ୚ࡋ᳨࡚ウࡋࡓࠋ 
 ᡂ⇍ᮇ࡜ẚ㍑ࡋ࡚ࠊ⫾⏕ᮇࡣ໬Ꮫ≀㉁࡟ᑐࡍࡿ⪏ᛶࡸឤཷᛶࠊ⬻࡟࠾ࡅࡿཷᐜయࡢⓎ⌧
ࣃࢱ࣮ࣥࡀ␗࡞ࡿ࡜⪃࠼ࡽࢀࠊ᭚㟢ᙳ㡪ࡀᡂ⇍ᮇ࡜ྠ୍࡜ࡣ㝈ࡽ࡞࠸ࠋࡑࡢࡓࡵࠊᡂ⇍ᮇ
࡜ࡣู࡟⫾⏕ᮇ᭚㟢ᙳ㡪ࡢゎᯒ࡜ࡑࡢ࣓࢝ࢽࢬ࣒ࢆ᳨ウࡍࡿࡇ࡜ࡣ㔜せ࡛࠶ࡿࠋ⫾⏕ᮇ࡟
ෆศἪ࠿ࡃ஘≀㉁࡟᭚㟢ࡉࢀࡓಶయࡢ࠺ࡕฟ⏕࡟⮳ࡗࡓ⏘௘ࡣᡂ⇍ᚋ࡟⾜ືᙳ㡪ࢆ♧ࡍࡇ
࡜ࡀሗ࿌ࡉࢀ࡚࠾ࡾ(Sugawara et al., 2006)ࠊࢿ࢜ࢽࢥࢳࣀ࢖ࢻࡢࡼ࠺࡟ཷᐜయ࡟స⏝ࡍࡿ
໬Ꮫ≀㉁࡟࠾࠸࡚ࡶࠊ⫾⏕ᮇ᭚㟢࡟ࡼࡿᡂ⇍ᚋࡢ⾜ືᙳ㡪ࡀ␲ࢃࢀࡿࠋࡋ࠿ࡋࠊ㎰⸆ࡣᶆ
ⓗཷᐜయ௨እ࡬ࡢస⏝ࡸཷᐜయ࡟ᑐࡋ࡚࢔ࢦࢽࢫࢺ࣭࢔ࣥࢱࢦࢽࢫࢺ୧᪉ࡢస⏝ࢆ♧ࡍྍ
⬟ᛶࡀ࠶ࡾࠊヲ⣽࡞ゎ᫂ࡣ㞴ࡋ࠸ࠋ㏆ᖺࠊ࣐࢘ࢫࡣ⫾⏕ึᮇ࡟࠾࠸࡚ࠊ⫾௘ࡢ⬻Ⓨ㐩࡟⫾
┙࠿ࡽࡢࢭࣟࢺࢽࣥࢆ฼⏝ࡋ࡚࠸ࡿࡇ࡜ࡀሗ࿌ࡉࢀࠊࡇࡢ᫬ᮇࡢ⫾௘⬻ࡣእ᮶ᛶࡢࢭࣟࢺ
ࢽࣥ࡟ឤཷᛶࡀ㧗࠸ࡇ࡜ࡀ⪃࠼ࡽࢀࡓࠋ⬻ෆ࡟࠾ࡅࡿࢭࣟࢺࢽࣥཷᐜయࡣ 1950ᖺ௦࠿ࡽ◊
✲ࡉࢀ࡚࠾ࡾࠊ࣐࢘ࢫ⫾௘ᮇ࡟࠾ࡅࡿཷᐜయⓎ⌧ࣃࢱ࣮ࣥ࡟ࡘ࠸࡚ࡶヲ⣽࡞ሗ࿌ࡀᏑᅾࡍ
ࡿ(Gaddum & Picarelli., 1957; Bonnin et al., 2006)ࠋࡇࡢࡇ࡜࠿ࡽࠊ⫾⏕ᮇ࡟࠾ࡅࡿཷᐜ
యࢆ௓ࡋࡓࢩࢢࢼࣝ࠿ࡃ஘ࡢヲ⣽࡞ゎᯒ࡟ࣔࢹࣝ໬Ꮫ≀㉁࡜ࡋ࡚ࢭࣟࢺࢽࣥཷᐜయࡢ࢔ࢦ
ࢽࢫࢺࡀ᭱ࡶ㐺ษ࡛࠶ࡿ࡜⪃࠼ࡓࠋ 
 ௨ୖࡢࡼ࠺࡟ᮏ◊✲࡛ࡣࠊࣈࢱ༸ẕ⣽⬊యእᡂ⇍ᇵ㣴⣔ࢆ⏝࠸࡚⣽⬊㉁୰࡟Ꮡᅾࡍࡿ⬡
⫫⁲ࡢᒁᅾ࡟╔┠ࡋࠊࡑࡢᙺ๭ࢆ᳨ウࡍࡿ࡜࡜ࡶ࡟ࠊࢿ࢜ࢽࢥࢳࣀ࢖ࢻ⣔㎰⸆ࡢ 1 ࡘ࡛࠶
ࡿ࢔ࢭࢱ࣑ࣉࣜࢻࡢࣈࢱ༸ẕ⣽⬊࡬ࡢᙳ㡪࡟ࡘ࠸࡚ホ౯ࡋࡓࠋࡲࡓࠊ㞤㞝ᕪࢆ᳨ฟྍ⬟࡞
⾜ືゎᯒ⣔ࢆᵓ⠏ࡋࠊᡂ⇍ᮇ࣐࢘ࢫ࡬ࡢ࢔ࢭࢱ࣑ࣉࣜࢻᢞ୚࡟ࡼࡿ⾜ືᙳ㡪࡟ࡘ࠸࡚ゎᯒ
ࡋࡓࠋࡉࡽ࡟ࠊᵓ⠏ࡋࡓゎᯒ⣔ࢆ⏝࠸࡚໬Ꮫ≀㉁ࡢ⫾⏕ᮇ᭚㟢࡟ࡼࡿᡂ⇍ᚋࡢ୰ᯡᙳ㡪࡟
ࡘ࠸࡚ࣔࢹࣝ໬Ꮫ≀㉁࡜ࡋ࡚ࢭࣟࢺࢽࣥཷᐜయࡢ࢔ࢦࢽࢫࢺࢆ⏝࠸᳨࡚ウࡋࡓࠋ 
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➨ 2❶ ࣈࢱ༸ẕ⣽⬊ࡢయእᡂ⇍ᇵ㣴࡟࠾ࡅࡿ࢔ࢭࢱ࣑ࣉࣜࢻࡢᙳ㡪 
 
 ᐙ␆ࡢ㣫ᩱ࡜࡞ࡿస≀࡟ࡼࡃ౑⏝ࡉࢀ࡚࠸ࡿ㎰⸆ࡢ 1 ࡘ࡜ࡋ࡚ࢿ࢜ࢽࢥࢳࣀ࢖ࢻ⣔ẅ⹸
๣ࡀ࠶ࡿࠋࢿ࢜ࢽࢥࢳࣀ࢖ࢻࡣ᳜≀య࡬ࡢᾐ㏱⛣⾜ᛶ࡜ṧຠᛶࡀ㧗ࡃࠊస⏝ᶵᗎࡀᗈࡃ౑
ࢃࢀ࡚࠸ࡿ᭷ᶵࣜࣥ⣔ẅ⹸๣࡜ࡣࡇ࡜࡞ࡿࡇ࡜࠿ࡽࠊ᭷ᶵࣜࣥ⣔࡟᢬ᢠᛶࢆࡶࡘᐖ⹸࡟ࡶ
᭷ຠ࡛࠶ࡿࡓࡵࠊ✄ࠊࢺ࢘ࣔࣟࢥࢩࠊ኱㇋࡞࡝࡟ୡ⏺୰࡛౑⏝ࡉࢀ࡚࠸ࡿࠋ㏆ᖺࠊ⤒ཱྀᢞ
୚࡟ࡼࡗ࡚ࢿ࢜ࢽࢥࢳࣀ࢖ࢻ㎰⸆ࡢ୍ࡘ࡛࠶ࡿ࢖࣑ࢲࢡࣟࣉࣜࢻ࡟ᭀ㟢ࡉࢀࡓ㞤ࡢࣛࢵࢺ
ࡢ༸ᕢ࡟࠾࠸࡚ࠊᢠ㓟໬㓝⣲άᛶ࡜ᢠ㓟໬≀㉁㔞ࡀపୗࡋࠊ㐣㓟໬⬡㉁ࡢ๭ྜࡀ᭷ព࡟ቑ
ຍࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀࡓ㸦Upasana et al., 2011㸧ࠋ㐣㓟໬⬡㉁ࡣࢥࣞࢫࢸ࣮ࣟࣝࡸ୰ᛶ⬡⫫
࡜࠸ࡗࡓ⬡㉁ࡀࠊάᛶ㓟⣲࡟ࡼࡗ࡚㓟໬ࡉࢀࡓࡶࡢ࡛ࠊ≉࡟୰ᛶ⬡⫫⏤᮶ࡢ㐣㓟໬⬡㉁ࡣ
⣽⬊ෆ࡛ࢫ࣮ࣃ࣮࢜࢟ࢩࢻ࢔ࢽ࢜ࣥࢆⓎ⏕ࡉࡏࠊࡑࢀࡀ᰾ෆࡢ DNAࢆᦆയࡉࡏࡿస⏝ࢆᣢ
ࡘࡓࡵࠊࡀࢇⓎ⏕ཎᅉࡢࡦ࡜ࡘ࡛࠶ࡿ࡜⪃࠼ࡽࢀ࡚࠸ࡿ㸦Winczura et al., 2012㸧ࠋࣈࢱࡢ
༸ẕ⣽⬊࡛ࡣࡇࡢ୰ᛶ⬡⫫ࡢ୍ࡘ࡛࠶ࡿࢺࣜࢢࣜࢭࣜࢻࡀ௚ࡢື≀✀࡜ẚ㍑ࡋ࡚ከ㔞࡟ྵ
ࡲࢀࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠾ࡾ㸦Sturmey RG et al., 2009㸧ࠊࢿ࢜ࢽࢥࢳࣀ࢖ࢻ⣔㎰⸆ࡣࣈࢱ༸
ẕ⣽⬊࡟ࡶᙳ㡪ࢆ࠾ࡼࡰࡍᜍࢀࡀ⪃࠼ࡽࢀࡓࠋࡋ࠿ࡋࠊࣈࢱ༸ẕ⣽⬊࡟࠾ࡅࡿࢺࣜࢢࣜࢭ
ࣜࢻ࡟ࡘ࠸࡚ࡣሗ࿌ࡀᑡ࡞ࡃࠊࡑࡢᙺ๭࡟ࡘ࠸࡚ࡣ୙᫂࡞Ⅼࡀṧࡉࢀ࡚࠸ࡿࠋᮏ❶࡛ࡣࠊ
ࣈࢱ༸ẕ⣽⬊⣽⬊㉁ෆࡢࢺࣜࢢࣜࢭࣜࢻࡢᒁᅾ࡟╔┠ࡋࠊࡑࡢᙺ๭ࢆ᳨ウࡍࡿ࡜࡜ࡶ࡟ࠊ
ࢿ࢜ࢽࢥࢳࣀ࢖ࢻ㎰⸆ࡀࣈࢱ༸ẕ⣽⬊࡟࠾ࡼࡰࡍᙳ㡪ࡢゎᯒࢆ┠ⓗ࡜ࡋࡓࠋࣈࢱᮍᡂ⇍༸
ẕ⣽⬊ࢆ〄໬ࡋࠊࢼ࢖ࣝࣞࢵࢻ࡛ᰁⰍࡋࡓ࡜ࡇࢁࠊᐇయ㢧ᚤ㙾ୗ࡛ほᐹࡉࢀࡓ⣽⬊㉁୰ࡢ
㯮Ⰽ㢛⢏㸦⬡⫫⁲㸧ࡀ඲࡚ᰁⰍࡉࢀࡓ (Fig.1)ࠋࡲࡓࠊࣈࢱᮍᡂ⇍༸ẕ⣽⬊ࢆ IVM ᚋ࡟〄
໬ࡋࠊ⣽⬊㉁୰ࡢ⬡⫫⁲ࡢศᕸᵝᘧࢆほᐹࡋࡓ࡜ࡇࢁࠊ⬡⫫⁲ࡢศᕸᵝᘧࡀ༸ẕ⣽⬊࡟ࡼ
ࡗ࡚␗࡞ࡗ࡚࠾ࡾࠊ2ࡘࡢࢡࣛࢫ㸦class I , class II㸧࡟ศ㢮࡛ࡁࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓ
㸦Fig.2㸧ࠋయእᡂ⇍ᇵ㣴㸦IVM㸧ᚋࡢ༸ẕ⣽⬊ࢆ⬡⫫⁲ศᕸᵝᘧẖ࡟ศ㢮ࡋࠊྛࢡࣛࢫࡢ๭
ྜࢆィ ࡋࡓ࡜ࡇࢁࠊclass I (27.3%) ࡜ class II (72.7%) ࡢ㛫࡛᭷ព࡞ᕪࡀㄆࡵࡽࢀࠊIVM
ᚋࡢ༸ẕ⣽⬊ࡢ⬡⫫⁲ศᵝᘧ࡟࠾࠸࡚ࠊྛࢡࣛࢫࡢ๭ྜࡀ␗࡞ࡿࡇ࡜ࡀุ᫂ࡋࡓ㸦Fig.3㸧ࠋ
ḟ࡟⬡⫫⁲ศᕸᵝᘧ࡜⬇Ⓨ⏕⬟࡜ࡢ㛵㐃ࢆㄪ࡭ࡿࡓࡵࠊclass I࡜ class IIࡢศᕸᵝᘧࢆ♧
ࡋࡓ IVM༸ࢆࡑࢀࡒࢀయእཷ⢭࡟౪ヨࡋࠊⓎ⏕⋡ࢆㄪ࡭ࡓ࡜ࡇࢁࠊclass II࡟࠾࠸࡚ class 
I࡜ẚ㍑ࡋ࡚᭷ព࡟㧗࠸್ࡀㄆࡵࡽࢀࡓ㸦Table.1㸧ࠋࡇࢀࡲ࡛ࡢᐇ㦂࡟ࡼࡾࠊࢺࣜࢢࣜࢭࣜ
ࢻࡀࣈࢱ༸ẕ⣽⬊ࡢᡂ⇍࣭Ⓨ⏕࡟㔜せ࡛࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋࡑࡇ࡛ḟ࡟ࣈࢱ༸ẕ⣽⬊
యእᡂ⇍࡟࠾ࡅࡿࢿ࢜ࢽࢥࢳࣀ࢖ࢻ⣔㎰⸆ࡢᙳ㡪ࢆ᳨ウࡍࡿࡓࡵࠊయእᡂ⇍ᇵᆅ࡟࢔ࢭࢱ
࣑ࣉࣜࢻࢆῧຍࡋࠊᡂ⇍⋡ࢆẚ㍑ࡋࡓࠋ༸ẕ⣽⬊ࡢ᰾ᡂ⇍⋡ࡣࠊcontrol࡟ᑐࡋ࡚ࠊ10ppm
ῧຍ༊࡛᭷ព࡞ᕪࡣぢࡽࢀ࡞࠿ࡗࡓࠋࡋ࠿ࡋࠊ30ppmῧຍ༊࡛ࡣࠊcontrol࡜ẚ㍑ࡋ࡚ࠊ᰾
ᡂ⇍⋡ࡢ᭷ព࡞పୗ(p<0.05)ࡀほᐹࡉࢀࡓࠋࡲࡓ 100ppm ῧຍ༊࡟࠾࠸࡚ࡶࠊ᰾ᡂ⇍⋡ࡢ
᭷ព࡞పୗ(p<0.01)ࡀほᐹࡉࢀࡓ(Fig.4)ࠋᮏ❶ࡢ⤖ᯝࡼࡾࠊ࢔ࢭࢱ࣑ࣉࣜࢻࡀࣈࢱ༸ẕ⣽⬊
ࡢᡂ⇍࡟ᙳ㡪ࢆཬࡰࡍࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
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➨ 3❶ ᡂ⇍࣐࢘ࢫ࡬ࡢ⚄⤒సືᛶ໬Ꮫ≀㉁᭚㟢࡟ࡼࡿ⾜ືᙳ㡪ゎᯒ⣔ࡢᵓ⠏ 
 
 ➨ 2 ❶ࡼࡾࢿ࢜ࢽࢥࢳࣀ࢖ࢻ⣔㎰⸆࢔ࢭࢱ࣑ࣉࣜࢻࡀࣈࢱ༸ẕ⣽⬊࡟ᙳ㡪ࢆ࠾ࡼࡰࡍࡇ
࡜ࡀ♧၀ࡉࢀࡓࠋ㏆ᖺࠊࢿ࢜ࢽࢥࢳࣀ࢖ࢻ⣔㎰⸆ࡀ့ங㢮ࡢࢽࢥࢳࣥᛶ࢔ࢭࢳࣝࢥࣜࣥཷ
ᐜయ࡟ᑐࡋࢽࢥࢳࣥ࡜ྠ⛬ᗘ࡟స⏝ࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀࠊ࢔ࢭࢱ࣑ࣉࣜࢻ᭚㟢ࡀ⏕Ṫᶵ⬟
ࡔࡅ࡛࡞ࡃࠊಶయࡢ⾜ື࡟ࡶᙳ㡪ࢆ࠾ࡼࡰࡍᜍࢀࡀ⪃࠼ࡽࢀࡿࠋᮏ❶࡛ࡣࠊ⚄⤒ఏ㐩≀㉁
ཷᐜయࢆ่⃭ࡍࡿ࢔ࢭࢱ࣑ࣉࣜࢻࡢ༢ᅇ᭚㟢࡛ࠊࡑࡢᚋࡢ့ங㢮ࡢ⾜ືࡀኚ໬ࡍࡿࡢ࠿ࢆ
᳨ウࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࠋಶయࡢ⾜ື࡟ཬࡰࡍᙳ㡪ࡢホ౯⣔࡜ࡋ࡚ࠊࡆࡗṑ㢮ࢆ⏝࠸ࡓ
⾜ືࢸࢫࢺࣂࢵࢸ࣮ࣜࡀ▱ࡽࢀ࡚࠸ࡿࠋࡇࢀࡣ」ᩘࡢ⾜ືヨ㦂ࢆ⤌ࡳྜࢃࡏࡓࡶࡢ࡛࠶ࡾࠊ
ᚓࡽࢀࡓ⤖ᯝࢆ⥲ྜⓗ࡟ุ᩿ࡍࡿࡇ࡜࡛ಶయࡢ⾜ື≉ᛶࢆホ౯ࡍࡿࠋ୍⯡ⓗ࡟⾜ືヨ㦂࡛
ࡣ㞤ࡢሙྜࡣᛶ࿘ᮇࡢᙳ㡪࡛ࢹ࣮ࢱࡢࣂࣛࢶ࢟ࡀ኱ࡁࡃ࡞ࡿࡓࡵࠊᇶᮏⓗ࡟㞝ࡢࡳࢆ⏝࠸
ࡓሗ࿌ࡀ኱㒊ศࢆ༨ࡵࡿࠋࡋ࠿ࡋࠊ␆⏘ศ㔝࡬ࡢᛂ⏝ࢆ⪃៖ࡋࡓሙྜࠊᐙ␆ࡣࡑࡢ✀ẖ࡟
ᛶู࡟ࡼࡗ࡚ࡑࢀࡒࢀ㔜せ࡞ᙺ๭ࢆᣢࡘࡓࡵࠊ㞤ಶయࡢᙳ㡪ࡶ᳨ウࡍࡿࡇ࡜ࡀ㔜せ࡛࠶ࡿࠋ
ࡲࡓࠊᐙ␆ࡣ㧗࠸ㄆ▱⬟ຊ࡜᝟ືᛶࢆࡶࡗ࡚࠸ࡿࡓࡵࠊ⬻㧗ḟᶵ⬟࡬ࡢᙳ㡪ࢆࡶホ౯࡛ࡁ
ࡿゎᯒ⣔ࡀᚲせ࡛࠶ࡿ࡜⪃࠼ࡓࠋࡑࡇ࡛ࠊᮏ◊✲࡛ࡣ⮬Ⓨ㐠ື㔞࣭᝟ື⾜ື࣭Ꮫ⩦グ᠈࡟
ホ౯㡯┠ࢆ⤠ࡾࠊࡑࡢ୰࡛ࡶ᳨ฟ⢭ᗘࡢ㧗࠸ࠊ࣮࢜ࣉࣥࣇ࢕࣮ࣝࢻヨ㦂ࠊ᫂ᬯ ᮶ヨ㦂ࠊ
᮲௳௜ࡅᏛ⩦グ᠈ヨ㦂ࡢ 3 ࡘࡢヨ㦂ࢆ㑅ᢥࡋࠊ⤌ࡳྜࢃࡏࡓ⾜ືࢸࢫࢺࣂࢵࢸ࣮ࣜࢆᵓ⠏
ࡋࡓࠋྛ⾜ືヨ㦂ࡢᴫせࢆ Fig.5 ࡟♧ࡍࠋࣔࢹࣝື≀࡜ࡋ࡚࣐࢘ࢫ (C57BL/6) ࢆ㑅ᢥࡋࠊ
࢔ࢭࢱ࣑ࣉࣜࢻࢆ 8㐌㱋ࡢ㞤㞝ࡢಶయ࡟ 50mg/kg࡛༢ᅇ⤒ཱྀᢞ୚ࡋࡓࠋᢞ୚┤ᚋࡣ⮬Ⓨ㐠
ື㔞ࡢపୗࡀほᐹࡉࢀࡓࡀࠊᢞ୚ 1᫬㛫ᚋ࡟ࡣ⑕≧ࡣࡳࡽࢀ࡞࠿ࡗࡓࠋᢞ୚ᚋ 11㐌㱋ࡲ࡛
㣫㣴⟶⌮ࡋࠊࡑࡢᚋ⾜ືゎᯒࢆ⾜ࡗࡓࠋ 
 ࣮࢜ࣉࣥࣇ࢕࣮ࣝࢻヨ㦂ࡢ⤖ᯝࠊ⛣ື㊥㞳ࠊ⛣ື᫬㛫ࠊ⛣ືᅇᩘ࡞࡝ࡢ㡯┠࡟࠾࠸࡚ࢥ
ࣥࢺ࣮ࣟࣝ⩌࡜ᢞ୚⩌࡛᭷ព࡞ᕪࡣࡳࡽࢀ࡞࠿ࡗࡓ㸦Fig.6㸧ࠋ᫂ᬯ ᮶ヨ㦂ࡢ⤖ᯝࠊ᫂ᐊ࡛
ࡢ⁫ᅾ᫬㛫ࡣࢥࣥࢺ࣮ࣟࣝ࡟ẚ࡭㞤㞝࡝ࡕࡽࡢᢞ୚⩌࡛ࡶ᭷ព࡟పୗࡋࡓ㸦Fig.7B㸧୍ࠋ ᪉ࠊ
௚ࡢ㡯┠ࡍ࡞ࢃࡕ᫂ᐊ⛣ື㊥㞳ࠊ㌿ᐊᅇᩘࠊᬯᐊ₯ᅾ᫬㛫࡞࡝࡛ࡣࠊ㞤ࡣࢥࣥࢺ࣮ࣟࣝ࡜
ᢞ୚⩌ࡢ㛫࡟᭷ព࡞ᕪࡀࡳࡽࢀࡓࡀࠊ㞝࡛ࡣぢࡽࢀ࡞࠿ࡗࡓ㸦Fig.7㸧ࠋ᮲௳௜ࡅᏛ⩦グ᠈ヨ
㦂ࡢ᮲௳タᐃ࡟ࡘ࠸࡚ࠊᮏᐇ㦂࡛ࡣ 360 ⛊୰࡟ 6 ᅇࡢ㡢่⃭࡜㟁Ẽࢩࣙࢵࢡࢆ⤌ࡳྜࢃࡏ
ࡓ᮲௳௜ࡅࢆ⾜ࡗࡓ㸦Fig.8㸧ࠋ᮲௳௜ࡅࡢ⩣᪥ࠊ่⃭ࢆ୚࠼ࡓࡶࡢ࡜ྠ୍ࡢ⿦⨨࡟࣐࢘ࢫࢆ
ධࢀࠊ✵㛫ࢆᜍᛧ࡜㛵㐃௜ࡅ࡚グ᠈ࡋ࡚࠸ࡿ࠿࡟ࡘ࠸࡚ࣇ࣮ࣜࢪࣥࢢࢆ ᐃࡍࡿࡇ࡜࡛ホ
౯ࡋࡓࠋ⤖ᯝࠊ㞝࡛ࡣᢞ୚⩌࡛ࣇ࣮ࣜࢪࣥࢢࡀ᭷ព࡟పୗࡋࠊ㞤࡛ࡣ᭷ព࡞ᕪࡣࡳࡽࢀ࡞
࠿ࡗࡓ㸦Fig.9㸧ࠋࡉࡽ࡟⩣᪥ࠊ่⃭ࢆ୚࠼ࡓ⿦⨨࡜ࡣูࡢ⟽࡟࣐࢘ࢫࢆධࢀࠊ㡢่⃭ࢆ୚࠼
ࡿࡇ࡜࡛㡢࡜ᜍᛧࢆ㛵㐃௜ࡅ࡚グ᠈ࡋ࡚࠸ࡿ࠿ࢆホ౯ࡋࡓࠋ㞝ࡢᢞ୚⩌࡛ࡣࢥࣥࢺ࣮ࣟࣝ
࡜ẚ㍑ࡋ࡚᭷ព࡟ࣇ࣮ࣜࢪࣥࢢࡀపୗࡋࡓࡀࠊࡇࡇ࡛ࡶ㞤ಶయ࡛ࡣ᭷ព࡞ᕪࡣࡳࡽࢀ࡞࠿
ࡗࡓ㸦Fig.10㸧ࠋ」ᩘࡢ⾜ືヨ㦂ࡢ⤖ᯝ࠿ࡽࠊ㞝ࡢᢞ୚⩌࡛ࡣᏛ⩦グ᠈࡬ࡢᙳ㡪ࡀࠊ㞤ࡢᢞ
୚⩌࡛ࡣ୙Ᏻ㛵㐃⾜ືࡢ㐓⬺ࡀࡳࡽࢀࡓ㸦Table.2㸧ࠋ௨ୖࡢ⤖ᯝ࠿ࡽࠊᮏᐇ㦂࡛ᵓ⠏ࡋࡓࣂ
ࢵࢸ࣮ࣜヨ㦂࡟ࡼࡗ࡚໬Ꮫ≀㉁᭚㟢࡟ࡼࡿ㐜Ⓨ୰ᯡᙳ㡪ࡢ㞤㞝ᕪࢆ᳨ฟࡍࡿࡇ࡜ࡀ࡛ࡁࡓࠋ 
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➨ 4❶ ⫾⏕ᮇ࣐࢘ࢫࡢࢭࣟࢺࢽࣥཷᐜయ㐣๫่⃭࡟ࡼࡿ㐜Ⓨ୰ᯡᙳ㡪ゎᯒ 
 
 ࡇࢀࡲ࡛ࡢ⤖ᯝ࠿ࡽࠊ࢔ࢭࢱ࣑ࣉࣜࢻࡣಶయࡢ⏕Ṫ⣽⬊࡜⾜ື࡟ᙳ㡪࠾ࡼࡰࡍෆศἪ࠿
ࡃ஘ᵝస⏝ࢆ♧ࡍࡇ࡜ࡀ᫂ࡽ࠿࡟࡞ࡗࡓࠋ➨ 2 ❶ࡼࡾࠊ࢔ࢭࢱ࣑ࣉࣜࢻ࡟᭚㟢ࡉࢀࡓᮍᡂ
⇍༸ẕ⣽⬊ࡣ඲࡚ࡀṚ⁛ࡍࡿࢃࡅ࡛ࡣ࡞ࡃࠊᑡ࡞ࡃ࡜ࡶ༙ᩘࡀᡂ⇍࡟⮳ࡿࠋࡇࡢࡓࡵࠊฟ
⏕๓࡟໬Ꮫ≀㉁࡟᭚㟢ࡉࢀࡓಶయ࡛࠶ࡗ࡚ࡶฟ⏕࡟⮳ࡿྍ⬟ᛶࡀ࠶ࡿࠋ⫾⏕ᮇ࡟ෆศἪ࠿
ࡃ஘≀㉁࡟᭚㟢ࡉࢀࡓಶయࡢ࠺ࡕฟ⏕࡟⮳ࡗࡓ⏘௘ࡣᡂ⇍ᚋ࡟⾜ືᙳ㡪ࢆ♧ࡍࡇ࡜ࡀሗ࿌
ࡉࢀ࡚࠸ࡿࠋ⫾⏕ᮇࡣᡂ⇍ᮇ࡜ẚ㍑ࡋ࡚ࠊ໬Ꮫ≀㉁࡟ᑐࡍࡿ⪏ᛶࡸឤཷᛶࠊ⬻࡟࠾ࡅࡿཷ
ᐜయࡢⓎ⌧ࣃࢱ࣮ࣥࡀ␗࡞ࡿ࡜⪃࠼ࡽࢀࡿࡓࡵࠊ⫾⏕ᮇ᭚㟢ᙳ㡪ࡢ࣓࢝ࢽࢬ࣒ࢆ᳨ウࡍࡿ
ࡇ࡜ࡣ㔜せ࡛࠶ࡿࠋࡋ࠿ࡋࠊస⏝ࡢ⠊ᅖࡢᗈ࠸㎰⸆࡛ࡣヲ⣽࡞ゎ᫂ࡣ㞴ࡋ࠸ࠋ 
 ㏆ᖺࠊBonninࡽ(Nature, 2011)࡟ࡼࡗ࡚ࠊ⫾⏕ᮇࡢึᮇ࡟࠾࠸࡚ࠊ⫾┙࡛ྜᡂࡉࢀࡓࢭ
ࣟࢺࢽࣥ㸦5-hydroxytryptamine㸸 5-HT㸧ࡀ⫾௘ࡢ๓⬻࡬࡜౪⤥ࡉࢀࠊึᮇ㸦⫾⏕ 10.5
㹼14.5 ᪥㱋㸧ࡢ⬻Ⓨ⏕ࡢㄪ⠇࡟┤᥋ⓗ࡞ᙺ๭ࢆᯝࡓࡋ࡚࠸ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ⫾⏕ᮇࡣ⬻
ࡀⓎ⏕㸫Ⓨ㐩ࡍࡿ᫬ᮇ࡛࠶ࡿࡇ࡜࠿ࡽࠊࡑࡢࢱ࢖࣑ࣥࢢ࡛ࡢ 5-HT่⃭࡟ࡼࡿ⬻࡬ࡢᙳ㡪ࡣ
ᅛᐃࡉࢀࠊಶయࡢᡂ⇍ᚋࡶ⾜ື࡟ᙳ㡪ࢆ࠾ࡼࡰࡍྍ⬟ᛶࡀ࠶ࡿࠋࡲࡓࠊ⬻ෆ࡟࠾ࡅࡿࢭࣟ
ࢺࢽࣥཷᐜయࡣ 1950ᖺ௦࠿ࡽ◊✲ࡉࢀ࡚࠾ࡾࠊ࣐࢘ࢫ⫾௘ᮇ࡟࠾ࡅࡿཷᐜయⓎ⌧ࣃࢱ࣮ࣥ
࡟ࡘ࠸࡚ࡶヲ⣽࡞ሗ࿌ࡀᏑᅾࡍࡿࠋࡇࡢࡇ࡜࠿ࡽࠊ⫾⏕ᮇ᭚㟢ᙳ㡪ࡢヲ⣽࡞࣓࢝ࢽࢬ࣒ࡢ
ゎᯒ࡟ࣔࢹࣝ໬Ꮫ≀㉁࡜ࡋ࡚ࢭࣟࢺࢽࣥཷᐜయࡢ࢔ࢦࢽࢫࢺࡀ᭱ࡶ㐺ษ࡛࠶ࡿ࡜⪃࠼ࡓࠋ 
 ࡑࡇ࡛ẕయࢆ௓ࡋࡓ⫾⏕ᮇࡢ 5-HT่⃭ࡀ⬻ࡢᙧែ࡟࡝ࡢࡼ࠺࡞ᙳ㡪ࢆཬࡰࡍࡢ࠿ࠊࡲࡓ
ಶయࡢᡂ⇍ᚋࡢ⾜ື࡟ࡣᙳ㡪ࢆ♧ࡍࡢ࠿ࢆゎᯒࡋࡓࠋ⫾⏕ᮇࡢ 5-HT่⃭࡟ࡼࡿ⬻࡬ࡢᙧែ
ᙳ㡪ࢆ᳨ウࡍࡿࡓࡵࠊዷፎ 11.5᪥㱋࡟ 5-HTཷᐜయࡢ࢔ࢦࢽࢫࢺ࡛࠶ࡿ Dexfenfluramine 
(Dfen) 7.7 mg/kg࡜ࠊBrdU㸦ቑṪࡋࡓ⣽⬊ࡢ࣐࣮࣮࢝㸧ࢆ⭡⭍ෆᢞ୚ࡋࡓࠋฟ⏘┤ᚋ㸦P0㸧
᫬࡟᪂⏕ඣࢆゎ๗ࠊ⬻ษ∦ࢆసᡂࡋච␿⤌⧊໬Ꮫ࡟ࡼࡾᙧែᙳ㡪ࢆ᳨ウࡋࡓࠋ⤖ᯝࠊ኱⬻
⓶㉁࡟࠾࠸࡚ BrdU 㝧ᛶ⣽⬊ࡢῶᑡ࠾ࡼࡧᒁᅾኚ໬ࡀㄆࡵࡽࢀࠊ኱⬻⓶㉁ࡢᒙᵓ㐀࣐࣮࢝
࣮ࡢ୍ࡘ࡛࠶ࡿ Ctip2 㝧ᛶ⣽⬊ࡢᒁᅾࡀ㞝ࡢࢥࣥࢺ࣮ࣟࣝ⩌࡜ᢞ୚⩌࡛␗࡞ࡗ࡚࠸ࡿࡇ࡜
ࡀ᫂ࡽ࠿࡟࡞ࡗࡓࠋḟ࡟ᡂ⇍ᚋࡢᙧែᙳ㡪ࢆ᳨ウࡍࡿࡓࡵࠊ⫾⏕ᮇ࡟ Dfen ᢞ୚ᚋࠊ12 㐌
㱋᫬࡟⬻ࢆ᦬ฟࡋࠊච␿⤌⧊໬Ꮫࢆ⏝࠸࡚ᙧែゎᯒࢆ⾜ࡗࡓࠋ⤖ᯝࠊ኱⬻⓶㉁࡟࠾࠸࡚ Ctip2
㝧ᛶ⣽⬊ࡀᮏ᮶ᐃ╔ࡍࡿᒙࡼࡾࡶ῝ᒙ࡟఩⨨ࡋ࡚࠸ࡓࠋࡲࡓࠊࡇࡢᙳ㡪ࡣ⫾⏕ᮇ࡜ྠᵝ࡟
㞝࡛ࡢࡳ᭷ព࡞ᕪࡀࡳࡽࢀࡓࠋ᭱ᚋ࡟ᡂ⇍ᚋࡢ⾜ື࡬ࡢᙳ㡪ࢆ᳨ウࡍࡿࡓࡵࠊ⫾⏕ᮇ࡟ᢞ
୚ᚋࠊ12㐌㱋᫬࠿ࡽ⾜ືゎᯒࢆ⾜ࡗࡓࠋᮏᐇ㦂ࡢ⾜ືゎᯒࡣ➨ 3❶࡜ྠᵝࡢࣂࢵࢸ࣮ࣜヨ
㦂ࢆ⾜ࡗࡓࠋ⤖ᯝࠊ࣮࢜ࣉࣥࣇ࢕࣮ࣝࢻヨ㦂࡛ࡣ᭷ព࡞ᕪࡣࡳࡽࢀ࡞࠿ࡗࡓࡀࠊ᫂ᬯ ᮶
ヨ㦂࡛㞝࡛ࡢࡳࠊ᫂ᐊ⁫ᅾ᫬㛫ࠊ㌿ᐊᅇᩘࠊ᫂ᐊ࡬ࡢึ⛣ືࡲ࡛࡟せࡍࡿ᫬㛫࡟࠾࠸࡚ࢥ
ࣥࢺ࣮ࣟࣝ⩌࡜ᢞ୚⩌࡛᭷ព࡞ᕪࡀࡳࡽࢀࡓ㸦Fig.15㸧ࠋ᮲௳௜ࡅᏛ⩦グ᠈ヨ㦂࡛ࡣ✵㛫㐃
᝿グ᠈࠾ࡼࡧ㡢㐃᝿グ᠈࡝ࡕࡽࡢ㡯┠࡟࠾࠸࡚ࡶ᭷ព࡞ᕪࡣࡳࡽࢀ࡞࠿ࡗࡓ㸦Fig.16, 17㸧ࠋ
ࣂࢵࢸ࣮ࣜヨ㦂ࡢ⤖ᯝ࠿ࡽࠊ㞤࡛ࡣ኱ࡁ࡞ኚ໬ࡣぢࡽࢀ࡞࠿ࡗࡓࡀࠊ㞝ࡢ⫾⏕ᮇᭀ㟢⩌࡛
୙Ᏻ㛵㐃⾜ືࡢ㐓⬺ࡀࡳࡽࢀࡓ㸦Table.3㸧ࠋ 
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 ௨ୖࡢࡇ࡜࠿ࡽࠊ⫾⏕ᮇ࡟࠾ࡅࡿ 5-HTཷᐜయࡢ㐣๫่⃭ࡣᡂ⇍ᚋ࡟⾜ືᙳ㡪ࢆ♧ࡍࡇ࡜
ࡀ᫂ࡽ࠿࡟࡞ࡾࠊࡑࡢᙳ㡪࡟㞤㞝ᕪࡀ࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋࡲࡓࠊ⫾⏕ᮇ࡟ཷࡅࡓ኱⬻
⓶㉁ᒙᵓ㐀࡬ࡢᙳ㡪ࡀᡂ⇍ᮇࡲ࡛ᅛᐃࡉࢀࡓࡇ࡜ࡀ⾜ືᙳ㡪ࡢせᅉ࡜ࡋ࡚⪃࠼ࡽࢀࡓࠋ 
 
 
➨ 5❶ ⥲ᣓ 
 
 ᮏ◊✲ 2 ❶ࡼࡾࠊࢿ࢜ࢽࢥࢳࣀ࢖ࢻ⣔㎰⸆࢔ࢭࢱ࣑ࣉࣜࢻࡀࣈࢱࡢ༸ẕ⣽⬊ࡢయእᡂ⇍
࡟ᙳ㡪ࢆཬࡰࡍࡇ࡜ࡀ᫂ࡽ࠿࡟࡞ࡗࡓࠋゎᯒ࡟ࡼࡾࠊࣈࢱ༸ẕ⣽⬊ࡀ㐣㓟໬⬡㉁ࡢඖ࡜࡞
ࡿ⬡㉁ࢆ⬡⫫⁲࡜࠸࠺ᙧ࡛⣽⬊㉁୰࡟ከ㔞࡟ྵࡳࠊࡑࡢᒁᅾࡀ༸ẕ⣽⬊ࡢᡂ⇍࣭Ⓨ⏕࡟㛵
୚ࡋ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࡓࡵࠊࢿ࢜ࢽࢥࢳࣀ࢖ࢻ࡟ࡼࡿ⬡㉁ࡢ㓟໬ࡀᡂ⇍⋡పୗࡢせ
ᅉ࡛࠶ࡿ࡜⪃࠼ࡽࢀࠊࣈࢱࡣ௚ࡢື≀✀ࡼࡾࡶࢿ࢜ࢽࢥࢳࣀ࢖ࢻ⣔㎰⸆ࡢᙳ㡪ࢆཷࡅࡸࡍ
࠸ࡇ࡜ࡀ᥎ᐹࡉࢀࡓࠋࡲࡓࠊ3❶࡛ࡣࠊᐙ␆࡬ࡢᛂ⏝ࢆ⪃៖ࡋࠊ⬻㧗ḟᶵ⬟࡬ࡢᙳ㡪࡜ࡑࡢ
㞤㞝ᕪࢆࡶ᳨ฟྍ⬟࡞࣐࢘ࢫࢆ⏝࠸ࡓ⾜ືゎᯒ⣔ࢆᵓ⠏ࡋࠊࡑࡢゎᯒ⣔ࢆ⏝࠸࡚ᡂ⇍ᮇࡢ
࢔ࢭࢱ࣑ࣉࣜࢻ᭚㟢ࡀ⾜ືᙳ㡪ࢆ᭷ࡍࡿࡇ࡜ࠊࡑࡢᙳ㡪࡟㞤㞝ᕪࡀᏑᅾࡍࡿࡇ࡜ࢆ᫂ࡽ࠿
࡟ࡋࡓࠋ4❶࡛ࡣࠊ⫾⏕ᮇ 5-HT࢔ࢦࢽࢫࢺ᭚㟢࡟ࡼࡿゎᯒࢆ㏻ࡋ࡚ࠊ့ங㢮ࡢ⫾⏕ᮇ࡟࠾
ࡅࡿཷᐜయ㐣๫่⃭࡟ࡼࡿᙳ㡪ࡣᅛᐃࡉࢀࠊ༢ᅇ࡛࠶ࡗ࡚ࡶᡂ⇍ᚋࡢ⾜ື࡟ᙳ㡪ࡋࠊࡑࡇ
࡟㞤㞝ᕪࡀᏑᅾࡍࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
 ㎰⸆ࠊ≉࡟ẅ⹸๣࡟ࡣࢿ࢜ࢽࢥࢳࣀ࢖ࢻ⣔௨እ࡟ࡶཷᐜయࢆᶆⓗ࡜ࡍࡿࡶࡢࡀᩘከࡃᏑ
ᅾࡋࠊ኱Ẽ࣭ᅵተ࣭ᆅୗỈ࠿ࡽ┤᥋ࠊ࠶ࡿ࠸ࡣ㣫ᩱࡸ㣧ᩱỈࢆ㏻ࡋ࡚ᐙ␆࡟᭚㟢ࡉࢀࡿྍ
⬟ᛶࡀ࠶ࡿࠋ⎔ቃ୰ࡢ໬Ꮫ≀㉁᭚㟢ࡣࠊᐙ␆ࡢ⦾Ṫᶵ⬟࠾ࡼࡧ୰ᯡᶵ⬟࡬ࡢᙳ㡪ࢆ௓ࡋ࡚
⏕⏘ᛶ࡟ᝏᙳ㡪ࢆཬࡰࡍᜍࢀࡀ࠶ࡿࡓࡵࠊ㣫㣴ࡢ᭱㐺໬ࡸࡑࢀ࡟క࠺ຠ⋡ⓗ࡞␆⏘⤒Ⴀࡢ
Ⅽ࡟ࡣࠊ␆⏘⌧ሙ࡟࠾ࡅࡿࡼࡾヲ⣽࡞໬Ꮫ≀㉁ࡢࣜࢫࢡ⟶⌮ࡀᚲせ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ
ࡲࡓࠊࡑࡢ㝿࡟᭚㟢᫬ᮇ࡟ࡼࡿᙳ㡪ࡢ㐪࠸ࡸ㞤㞝࡟࠾ࡅࡿᙳ㡪ࡢ㐪࠸ࢆ⪃៖࡟ධࢀࡿࡇ࡜
ࡀ㔜せ࡛࠶ࡿࠋᮏ◊✲ࡀ㐍ࡳࠊ⫾⏕ᮇ᭚㟢࡟ࡼࡿᡂ⇍ᚋࡢ୰ᯡᙳ㡪ࡢヲ⣽࡞࣓࢝ࢽࢬ࣒ࡀ
ゎ᫂ࡉࢀࢀࡤࠊ㎰Ꮫ㡿ᇦ࡟࠾࠸࡚᫬ᮇ࠾ࡼࡧཷᐜయ≉␗ⓗ࡞໬Ꮫ≀㉁ࡢᢞ୚࡟ࡼࡾᐙ␆ࡢ
⾜ືไᚚࡸẼ㉁ࡢᨵⰋ࡟㈉⊩࡛ࡁࡿྍ⬟ᛶࡀ࠶ࡿ࡜⪃࠼࡚࠸ࡿࠋ 
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Figure 2. IVMᚋ䛾䝤䝍༸䛻䛚䛡䜛⬡⫫⁲ᒁᅾᵝᘧ䛾䜽䝷䝇ศ䛡. 
⣽⬊ෆ⬡㉁䛸DNA䛿䛭䜜䛮䜜䝘䜲䝹䝺䝑䝗䠄㉥䠅䛸䝦䜻䝇䝖䠄㟷䠗▮㢌䠅䛻䜘䛳䛶ᰁⰍ
䛥䜜䛯. Scale bar = 30 μm.
Figure 1. 䝤䝍༸᰾⬊䠄GV䠅ᮇ༸䛻䛚䛡䜛⬡⫫⁲䛾ᒁᅾ. 
A䠖యእᡂ⇍ᇵ㣴䠄IVM䠅䛾䛯䜑䛻㑅ู䛧䛯COCs䚸B䠖〄໬ᚋ䛾GV༸䚸C䠖⬡⫫⁲䛾
ච␿ᰁⰍ. ⣽⬊ෆ⬡㉁䛸DNA䛿䛭䜜䛮䜜䝘䜲䝹䝺䝑䝗䠄㉥䠅䛸䝦䜻䝇䝖䠄㟷䠗▮㢌䠅䛻
䜘䛳䛶ᰁⰍ䛥䜜䛯. Scale bar = 100 μm.
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Figure 3. IVM䛜䝤䝍༸ẕ⣽⬊䛾⬡⫫⁲ᒁᅾ䛻䛚䜘䜌䛩ᙳ㡪. 
䛭䜜䛮䜜䛾Წ䜾䝷䝣䛿⬡⫫⁲ศᕸᵝᘧ䜽䝷䝇ศ䛡⾲䠄Fig. 2䠅䛻ᐃ⩏䛩䜛class I
䠄㯮䠅䚸class II䠄ⓑ䠅䜢⾲䛩䚹IVM44᫬㛫ᚋ䚸ྛ䜽䝷䝇䛾⬡⫫⁲䛾๭ྜ䜢⟬ฟ䛧䛯䚹
್䛿ᖹᆒ್㼼ᶆ‽೫ᕪ, *P<0.05, **P䠘0.01. Scale bar = 30 μm.
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Table 1. ␗䛺䜛⬡⫫⁲ᒁᅾᵝᘧ䛾ᡂ⇍༸䛻䛚䛡䜛Ⓨ⏕⬟
%: Mean㼼SD. Day䛿ཷ⢭ᚋ䛾᪥ᩘ䜢♧䛩. ␗➢ྕ㛫䛻᭷ពᕪ᭷䜚
䠄P<0.05䠗6 replicates䠅.
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Figure 4.  యእᡂ⇍ᇵᆅ䜈䛾䜰䝉䝍䝭䝥䝸䝗ῧຍ䛻䜘䜛(10, 30, 100ppm) 
᰾ᡂ⇍⋡䜈䛾ᙳ㡪. *p<0.05, **p<0.01
**
*
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Figure 5. ⾜ື䝔䝇䝖䝞䝑䝔䝸䞊䜢ᵓᡂ䛩䜛ྛ⾜ືヨ㦂䛾ᴫせ
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Figure 6. 䜸䞊䝥䞁䝣䜱䞊䝹䝗ヨ㦂䛾⤖ᯝ
* : P > 0.05, ** : P > 0.01, mean 㼼S.E. (n = 10)
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Figure 7. ᫂ᬯ ᮶ヨ㦂䛾⤖ᯝ
* : P > 0.05, ** : P > 0.01, mean 㼼S.E. (n = 10)
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Figure 9. ᮲௳௜䛡Ꮫ⩦グ᠈ヨ㦂䛻䛚䛡䜛✵㛫㐃᝿᫬䛾䝣䝸䞊䝆䞁䜾⋡
* : P > 0.05, ** : P > 0.01, mean 㼼S.E. (n = 10)
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Table 2. ⾜ືゎᯒ⤖ᯝ䛾ᴫせ
Summary of behavioral test results.
Male Female
Behavioral task/Indices 8W 8W
Body weight ns ns
Open field test
Distance traveled ns ns
Time center ns ns
Move episode N ns ns
Movement duration ns ns
Light-dark box test
Dark distance ns ns
Light distance ns ↓↓
Time light ↓ ↓↓
No. of transition ns ↓
First latency to enter dark ns ↑
Classical fear conditioning
conditioning ns ns
context test ↓↓ ns
cued test ↓↓ ns
↑ : P > 0.05, ↑↑ : P > 0.01
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Figure 15. ᫂ᬯ ᮶ヨ㦂䛾⤖ᯝ
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Table 3. ⾜ືゎᯒ⤖ᯝ䛾ᴫせ
Behavioral task/Indices male female
Body weight ns ns
Open field test
distance traveled ns ns
time center ns ns
move episode N ns ns
Light-dark box test
distance traveled ↓ ns
distance dark ns ns
distance light ↓ ns
time light ↓ ns
No. of transition ↓ ns
first latency to enter dark ↑↑ ns
Classical fear conditioning
conditioning ns ns
context test ns ns
cued test ns ns
↑䠖P < 0.05,  ↑↑: P < 0.01
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